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(54) ELECTROOPTIC DEVICE AND ELECTRONIC DEVICE 

(57) The present invention controls writing or hold- 
ing a data signal to and in a memory circuit in a pixel 
driving circuit according to whether a row scanning line 
and a column scanning line are selected or not. Accord- 
ing to a data signal held' in the memory circuit, a pixel 
driver connects a first voltage signal line or a second 
voltage signal line to a pixel. A reference voltage is 
applied to a common electrode of a opposite substrate, 
and display is performed by a potential difference 
between the reference voltage and a first voltage signal 
or a second voltage signal. Thus, an electro-optic 
device is provided that consumes less power and fea- 
tures a simpler control method and a simpler control cir- 
cuit configuration than a conventional static drive liquid 
crystal device. 
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Description 

[Technical Field] 

[0001] The present invention relates to an electro- 
optic device that has a driving circuit comprised of a 
memory circuit and a pixel driver that is provided for 
each pixel and that controls pixel display according to a 
data signal held in the memory circuit, and to electronic 
equipment, such as office automation equipment and 
portable equipment in which the electro-optic device is 
installed. 

[Background Art] 



[0002] In recent years, as an information display 
device of portable equipments or the like, including a 
portable telephone and a portable information terminal, 
a liquid crystal device, which is an example of an elec- 
tro-optic device, has been in use. The contents of dis- 
played information have been conventionally displayed 
in characters. These days, however, dot-matrix liquid 
crystal panels have been used to display more informa- 
tion at a time, and the number of pixels is gradually 
increasing with a consequent higher duty. 
[0003] Hitherto, for the above portable equipment, a 
passive matrix liquid crystal device has been used as a 
display device. However, a passive matrix liquid crystal 
device requires a higher voltage with an increasing duty 
for a selection signal of a scanning line when performing 
multiplex drive, posing a serious problem in battery- 
driven portable equipment that is strongly required to 
minimize power consumption. 

[0004] To solve such a problem, there has been 
proposed a static drive liquid crystal device in which one 
of a pair of substrates constituting a liquid crystal panel 
is formed of a semiconductor substrate, and a memory 
circuit shown in Fig. 12 is formed on the semiconductor 
substrate for each pixel to conduct display control based 
on data held in the memory circuit. In conjunction with 
Fig. 12, an operation of a conventional static drive liquid 
crystal device will now be described. 
[0005] A scanning line drive circuit 41 0 is controlled 
by a scanning line drive circuit control signal 418. and a 
selection signal (scanning signal) is output to a selected 
scanning line 409-n ("n" is a natural number denoting a 
number of scanning lines). Likewise, a data line drive 
circuit 413 is controlled by a data line drive circuit con- 
trol signal 419, and data signals are supplied to a 
selected pair of data lines 411-m and 412-m fm" is a 
natural number denoting a number of data lines) so that 
they have mutually opposite phases (complementary 
signals). 

[0006] At an intersection of the scanning line 409-n 
and the pair of data lines 411-m and 412-m, a circuit 
connected to those lines constitutes a pixel, n-channel 
MOS switching circuits 401 and 402 connected to the 
scanning line 409-n and the pair of data lines 41 1 -m and 



412-m are set to a conducting state when the scanning 
line 409-n is selected and a selection signal is supplied, 
and write complementary data signals of the pair of data 
lines 411-m and 412-m to a memory circuit 403. The 

5 memory circuit 403 has two inverters in feedback con- 
nection. Then, the scanning line 409-n is set at a nonse- 
lective potential and the pair of data lines 411-m and 
412-m are set at a high impedance to thereby place the 
switching circuits 401 and 402 in a nonconducting state, 

10 and the data signals written to the memory circuit 403 
are retained. 

[0007] A liquid crystal pixel driver 404 composed of 
two transmission gate circuits is controlled by potential 
levels of a first node in the memory circuit 403 and a 
15 second node at an inverted level of a potential level at a 
point of connection of the first node. A first transmission 
gate circuit is connected to a first voltage signal line 416 
and conducts according to a level of a data signal held 
by the memory circuit 403, and applies a first voltage 
20 414 to a pixel electrode 406. On the other hand, a sec- 
ond transmission gate circuit is connected to a second 
voltage signal line 417 and conducts according to a 
level of a data signal held by the memory circuit 403, 
and applies a second voltage 415 to the pixel electrode 
25 406. To be more specific, if the held data signal is at an 
H-level, then the first voltage signal line 416 that sets a 
liquid crystal layer 407 of a liquid crystal pixel driver 404 
to an ON state in the case of a normally white display 
mode conducts, causing the first voltage 414 to be sup- 
30 plied to the pixel electrode 406 via the first transmission 
gate circuit of the liquid crystal driver 404, so that the liq- 
uid crystal pixel 405 is set to in a black display mode by 
a potential difference from a reference voltage 420 sup- 
plied to a common electrode 408. Similarly, if the held 
35 data signal is at an L-level , then the second voltage sig- 
nal line 417 that sets the liquid crystal layer 407 in an 
OFF state conducts, causing the second voltage 415 to 
be supplied to the liquid crystal pixel 405 via the second 
transmission gate circuit of the liquid crystal driver 404, 
40 so that the liquid crystal pixel 405 is placed in a white 
display mode. 

[0008] The foregoing structure allows a line voltage, 
the first and second voltage signals, and a reference 
voltage to be driven by a logic voltage alone. Also, little 
45 current except leakage current flows, because it is able 
to hold display screen by a data hold function of a mem- 
ory circuit, in the case that the rewriting of a screen dis- 
play is not necessary. Accordingly, consumption of 
electric power can be reduced, 
so [0009] However, in the conventional static drive liq- 
uid crystal device, the data signals for the pair of data 
lines must be complementary signals having phases 
opposite to each other for writing data, and must be 
controlled to a high impedance for holding data. Thus. 
55 control of the data lines has been extremely compli- 
cated, and a circuit configuration has also been compli- 
cated. 
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[Disclosure of Invention] 

[0010] The present invention has been made to 
solve the problem described above, and it is an object of 
the present invention to provide an electro-optic device 5 
that consumes less power, and features a simple control 
method and a simple control circuit configuration. 
[0011] An electro-optic device in accordance with 
the present invention has, on a substrate, a plurality of 
row scanning lines and a plurality of column scanning 10 
lines that intersect with each other, a plurality of data 
lines provided along the column scanning lines, voltage 
signal lines that supplies voltage signals, and a plurality 
of pixel drive circuits disposed, corresponding to inter- 
sections of the row scanning lines and the column scan- is 
ning lines, wherein each of the pixel drive circuits has a 
switching circuit that is set to a conducting mode when 
the row scanning lines and the column scanning lines 
are selected, while it is set to a nonconducting mode 
when at least either the row scanning lines or the col- so 
umn scanning lines are not selected, a memory circuit 
that captures data signals of the data lines when the 
switching circuit is in the conducting mode, while it holds 
data signals when the switching circuit is in the noncon- 
ducting mode, and a pixel driver that outputs a first volt- 25 
age signal to the pixel from the voltage signal line when 
a data signal held in the memory circuit is at a first level, 
white it outputs a second voltage signal to the pixel from 
the voltage signal line when the data signal is at a sec- 
ond level. 30 
[0012] The configuration in accordance with the 
present invention enables a line voltage, the first and 
second voltage signals, and a reference voltage to be 
driven at a level of a logic voltage. Furthermore, little 
current flows, because when there is no need to rewrite 35 
screen display, a display state can be held by a data 
holding function of the memory circuit. With this 
arrangement, comparison as a liquid crystal device indi- 
cates that power consumption is markedly reduced as 
compared with the conventional passive matrix liquid 40 
crystal device. Moreover, unlike the conventional static 
drive liquid crystal device, it is no longer necessary to 
carry out the complicated control wherein data signals 
for a pair of data lines are set to have opposite phases 
for writing data, and set at a high impedance for holding 45 
data, thus providing an advantage in that a circuit con- 
figuration can be simplified. 

[0013] Furthermore, the electro-optic device in 
accordance with the present invention is characterized 
in that it is provided with a latch circuit that captures, for so 
each data line, data signals into associated data lines 
when the column scanning lines are selected, while it 
holds the data signals of the data lines when the column 
scanning lines are not selected. According to this con- 
figuration, only a selected data line produces a capaci- 55 
tance parasitic to an input data line, provicfing an 
advantage in that charging/discharging currents caused 
by changes of signals of input data lines are markedly 



reduced with consequent markedly reduced power con- 
sumption. 

[0014] Furthermore, the foregoing electro-optic 
device in accordance with the present invention is char- 
acterized in that a pixel electrode disposed at the pixel 
is a light reflective type electrode, and the pixel driving 
circuit is provided under the pixel electrode via an elec- 
trical insulation film. This configuration provides an 
advantage in that an aperture ratio is markedly 
improved and a brighter easier-to-read screen can be 
obtained, as compared with a conventional static drive 
liquid crystal device in which a TFT (Thin Film Transis- 
tor) is formed on a transparent substrate, and in which 
an aperture ratio of a pixel has been limited by an area 
of a pixel driving circuit occupied in an area of one pixel. 
[0015] Moreover, the foregoing electro-optic device 
in accordance with the present invention is character- 
ized in that the device is provided with a plurality of 
switching control circuits that output a conduction con- 
trol signal to the switching circuit when the row scanning 
line and the column scanning line are selected, and out- 
put a nonconduction control signal to the switching cir- 
cuit when at least either the row scanning line or the 
column scanning line are in a nonconducting mode, and 
the switching control circuits control the switching cir- 
cuits in the plural pixel driving circuits. With this arrange- 
ment, a number of the switching control circuits can be 
reduced, and the circuit configurations and the control 
of the column scanning line driving circuits can be sim- 
plified. In addition, there is an advantage in that a writing 
operation of an entire screen can be quickly completed, 
permitting a reduction in power consumption. 
[0016] Furthermore, the foregoing electro-optic 
device in accordance with the present invention is com- 
prising a row scanning line driving circuit for supplying a 
row scanning signal to the row scanning tine and a col- 
umn scanning line driving circuit for supplying a column 
scanning signal to the column scanning line, and at 
least either the row scanning line driving circuit or the 
column scanning line driving circuit is constituted by a 
shift register circuit. This configuration provides an 
advantage in that a circuit configuration and control of 
the scanning line driving circuits can be simplified. 
[0017] In addition, the foregoing electro-optic 
device in accordance with the present invention is char- 
acterized in that it is constituted by a row scanning line 
driving circuit for supplying row scanning signals to the 
row scanning lines and a column scanning line driving 
circuit for supplying column scanning signals to the col- 
umn scanning lines, wherein at least either the row 
scanning line driving circuit or the column scanning line 
driving circuit is constitued by a decoder circuit that 
selects a pertinent scanning line according to an 
address signal of a number of bits corresponding to a 
number of scanning lines. With this arrangement, when 
only a part of display on a screen needs to be rewritten, 
a pixel driving circuit of only a target pixel can be con- 
trolled to rewrite a data signal, providing an advantage 
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in that power consumption can be markedly reduced. 
[0018] Furthermore, the foregoing electro-optic 
device in accordance with the present invention is char- 
acterized in that a circuit device structure in the electro- 
optic device is a CMOS structure. This arrangement 
provides an advantage in that leakage current is no 
longer produced during a data holding period, making it 
possible to further reduce power consumption. 
[0019] Moreover, an electronic equipment in 
accordance with the present invention is characterized 
in that it is equipped with the electro-optic device in 
accordance with the present invention described above. 
With this arrangement, an advantage is provided in 
which a markedly longer service life can be achieved, as 
compared with an electronic equipment using a conven- 
tional passive matrix liquid crystal device when perform- 
ing battery drive, and a simpler control method and a 
simpler control circuit configuration than those in a con- 
ventional static drive liquid crystal device can be accom- 
plished. 

[Brief Description of Drawings] 



embodiment in accordance with the present inven- 
tion, the driving circuit being constituted by a CMOS 
transistor. 

Rg. 9 is a circuit diagram showing a scanning line 
5 driving circuit of the electro-optic device based on 

the first to fourth embodiments in accordance with 
the present invention that is constituted by a shift 
register circuit formed using a CMOS transistor. 
Rg. 10 is a circuit diagram showing a scanning line 

w driving circuit of the electro-optic device based on 
the first to fourth embodiments in accordance with 
the present invention that is constituted by a 
decoder circuit formed using a CMOS transistor. 
Rg. 1 1 is a diagram showing an electronic equip- 

15 merit based on a fifth embodiment in accordance 
with the present invention. 

Rg. 12 is a diagram showing a conventional static 
drive liquid crystal device. 

Rg. 13 is a top plan view of a liquid crystal device. 
20 Rg. 14 is a sectional view of the liquid crystal 
device of Fig. 13. 

Description of Reference Numerals 



[0020] 



Fig. 1 is a block diagram showing essential sections 
of pixels and driving circuits or the like thereof in an 
electro-optic device based on a first embodiment in 
accordance with the present invention. 
Rg. 2 is a circuit diagram showing a driving circuit 
of the electro-optic device based on the first 
embodiment in accordance with the present inven- 
tion, the driving circuit being constituted by a CMOS 
transistor. 

Rg. 3 is a block diagram showing essential sections 
of pixels and driving circuits or the like thereof in an 
electro-optic device based on a second embodi- 
ment in accordance with the present invention. 
Rg. 4 is a circuit diagram showing a driving circuit 
of the electro-optic device based on the second 
embodiment in accordance with the present inven- 
tion, the driving circuit being constituted by a CMOS 
transistor. 

Rg. 5 is a block diagram showing essential sections 
of pixels and driving circuits or the like thereof in an 
electro-optic device based on a third embodiment in 
accordance with the present invention. 
Rg. 6 is a circuit diagram showing a driving circuit 
of the electro-optic device based on the third 
embodiment in accordance with the present inven- 
tion, the driving circuit being constituted by a CMOS 
transistor. 

Rg. 7 is a block diagram showing essential sections 
of pixels and driving circuits or the like thereof in an 
electro-optic device based on a fourth embodiment 
in accordance with the present invention. 
Rg. 8 is a circuit diagram showing a driving circuit 
of the electro-optic device based on the fourth 
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101 Liquid crystal pixel driving circuit 

102 Switching circuit 

103 Memory circuit 

1 04 Liquid crystal pixel driver 

1 05 Liquid crystal pixel 

106 Pixel electrode 

1 07 Liquid crystal layer 

108 Common electrode 

1 09 Switching control circuit 

1 1 0 Row scanning line 

1 1 1 Row scanning line driving circuit 

1 12 Column scanning line 

1 13 Column scanning line driving circuit 

114 Input data line 

115 Column data line 

116 First voltage 

117 Second voltage 

1 18 First voltage signal line 

1 19 Second voltage signal line 

1 20 Row scanning line driving circuit control signal 

121 Column scanning line driving circuit control sig- 
nal 

122 Reference voltage 
201 Latch circuit 

301 Display unit 

302 Portable telephone 
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[Best Mode for Carrying Out the Invention] 

[0022] The following will describe embodiments of 
the present invention in conjunction with the accompa- 
nying drawings. 
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(First Embodiment) 

[0023] Fig. 1 is a block diagram showing essential 
sections of pixels and driving circuits or the like thereof 
in an etectro-optic device based on a first embodiment 
in accordance with the present invention. Fig. 2 is a 
detailed circuit diagram of Fig. 1 . 
[0024] Referring to Fig. 1, in a pixel region, row 
scanning lines 110-n fn" indicates a natural number 
denoting a row of a row scanning line) and column 
scanning lines 112-m ("m" indicates a natural number 
denoting a column of a column scanning line) are 
arranged in a matrix pattern, and a driving circuit of 
each pixel is formed at an intersection of the row and 
column scanning lines. Furthermore, in the pixel region, 
a column data line 1 15-d ("d" indicates a natural number 
denoting a column of a column data line) branched from 
an input data line 1 1 4 is also disposed along the column 
scanning line 1 12-m. A row scanning line driving circuit 
1 1 1 is disposed in a peripheral region adjacent to rows 
in the pixel region, and a column scanning line driving 
circuit 1 1 3 is disposed in a peripheral region adjacent to 
columns in the pixel region. 

[0025] The row scanning line driving circuit 1 1 1 is 
controlled by a row scanning line driving circuit control 
signal 120, and a selection signal (scanning signal) is 
output to a selected row scanning line 1 1 0-n. Row scan- 
ning lines that have not been selected are set at a non- 
selective potential. Likewise, the column scanning line 
driving circuit 113 is controlled by a column scanning 
line driving circuit control signal 121, a selection signal 
is output to a selected column scanning line 1 1 2-m, and 
column scanning lines that have not been selected are 
set at a nonselective potential. A row scanning line and 
a column scanning line to be selected are decided by 
the control signals 120 and 121 . In other words, the con- 
trol signals 120 and 1 21 are address signals for specify- 
ing pixels to be selected. 

[0026] A switching control circuit 109 disposed in 
the vicinity of an intersection of a selected row scanning 
line 110-n and a selected column scanning line 1 12-m 
outputs an ON signal (conduction control signal) upon 
receipt of selection signals of the two scanning lines, 
and outputs an OFF signal (nonconduction control sig- 
nal) that renders at least one of the row scanning line 
110-n and the column scanning line 112-m nonselec- 
tive, tn other words, the ON signal is issued only from 
the switching control circuit 109 for the pixel positioned 
at the intersection of the selected row scanning line and 
column scanning line, while the OFF signals are issued 
from the remaining switching control circuits. In this 
embodiment, a liquid crystal pixel driving circuit 101 is 
controlled by the ON and OFF signals of the switching 
control circuits 109. 

[0027] A configuration and operation of the liquid 
crystal pixel driving circuit 101 will now be described. 
[0028] A switching circuit 1 02 is set to a conducting 
mode by the ON signal of the switching control circuit 



109, while it is set to a nonconducting mode by the OFF 
signal. When the switching circuit 102 is set to the con- 
ducting state, a data signal of a column data line 1 15-d 
connected thereto is written to a memory circuit 103 via ] 

5 the switching circuit 102. On the other hand, the switch- 
ing circuit 102 is set to the nonconducting state by the 
OFF signal of the switching control circuit 109, and it 
holds the data signal written to the memory circuit 103._ 
[0029] The data signal held in the memory circuit 

10 103 is supplied to a liquid crystal pixel driver 104 dis- 
posed for each pixel. According to a level of the supplied 
data signal, the liquid crystal pixel driver 104 supplies 
either a first voltage 1 16 applied to a first voltage signal 
line 1 18, or a second voltage 1 1 7 is applied to a second 

is voltage signal line 1 1 9 to a pixel electrode 1 06 of a liquid 
crystal pixel 105. In the present invention, a pixel refers 
to an electro-optic material that electrically performs 
optical actions, such as optical modulation and lumines- 
cence, or a pixel electrode for each pixel that applies 

20 electrical actions to the above. When a liquid crystal 
device is in a normally white display mode, the first volt- 
age 116 sets the liquid crystal pixel 105 to a black dis- 
play mode, while the second voltage 1 1 7 sets the liquid 
crystal pixel 105 to a white display mode. 

25 [0030] In the liquid crystal pixel driver 104, when a 
data signal retained at the memory circuit 103 is at an 
H-level, a gate connected to the first voltage signal line 
1 18 that causes a liquid crystal to provide black display 
in the case of a normally white display mode is set to the 

30 conducting state, the first voltage 1 16 is supplied to the 
pixel electrode 106. and a potential difference from a 
reference voltage 122 supplied to a common electrode 
108 causes the liquid crystal pixel 105 to be set to the 
black display mode. Similarly, when the held data signal 

35 is at an L-level. in the liquid crystal pixel driver 104, a 
gate connected to the second voltage signal line 1 19 is 
set to the conducting state, and the second voltage 117 
is supplied to the pixel electrode 106, causing the liquid 
crystal pixel 105 to be set to the white display mode. 

40 [0031] The configuration discussed above allows a 
line voltage, the first and second voltage signals, and 
the reference voltage to be driven at a level of a logic 
voltage, and little current except leakage current flows, 
because it is able to hold display screen by a data hold 

45 function of a memory circuit, in the case that the rewrit- 
ing of a screen display is not necessary. In addition, 
writing to a pixel is controlled by a logic of the selection 
signals of the two scanning lines, namely, rows and col- 
umns, so as to enable control of the pixels independ- 

so ently of potentials of the data lines. This arrangement 
obviates the need for complicated control in a conven- 
tional static drive liquid crystal device in which data sig- 
nals of two data lines are set to have opposite phases 
(complementary data signals) for writing when data is 

55 written, and in which the data lines are set at a high 
impedance for holding data so as to set transistors con- 
nected to the data lines to a nonconducting state. 
[0032] Each of the liquid crystal pixels 105 is pro- 



5 



EP 1 020 840 A1 



10 



vided with the pixel electrode 106 to which either the 
first voltage 116 or the second voltage 117 selected 
according to a held data signal is supplied from the liq- 
uid crystal pixel driver 104. A liquid crystal layer 107 
lying between the pixel electrode 106 and the common 
electrode 108 is subjected to a potential difference 
between the two electrodes, and the black display mode 
(or the ON display mode) or the white display mode (or 
the OFF display mode) is set according to a change in 
alignment of liquid crystal molecules based on the 
potential difference. In a liquid crystal device, a liquid 
crystal is sealed and sandwiched between a semicon- 
ductor substrate and a light transmitting substrate, such 
as glass, pixel electrodes are disposed in a matrix pat- 
tern on the semiconductor substrate, and the liquid 
crystal pixel driving circuits, the row scanning lines, the 
column scanning lines, the data lines, the row scanning 
line driving circuit, the column scanning line driving cir- 
cuit, etc. mentioned above are formed under the pixel 
electrodes. Highly mobile complementary transistors 
having a MOS structure can be formed on a semicon- 
ductor substrate, and a multilayer wiring structure can 
be easily formed. Hence, by using the transistors and 
the multilayer wiring, various circuits mentioned above 
can be configured. For each pixel, a voltage is applied 
(pixel by pixel) between the pixel electrode 106 and the 
common electrode 108 formed on an inner surface of 
the opposing light transmitting substrate, thereby sup- 
plying a voltage to the liquid crystal layer 107 for each 
pixel that lies therebetween so as to change the align- 
ment of liquid crystal molecules for each pixel. 
[0033] In this case, rf the pixel electrode 106 of the 
liquid crystal pixel 105 is formed as a light reflecting 
electrode of a metal, a dielectric multilayer film, or the 
like, and the liquid crystal pixel driving circuit 101 is pro- 
vided on the semiconductor substrate under the liquid 
crystal pixel electrodes via an electrical insulation film, 
then an aperture ratio is markedly improved. More spe- 
cifically, in the past, each liquid crystal pixel driving cir- 
cuit was formed using a TFT on a light transmitting 
substrate, and an area occupied by the liquid crystal 
pixel driving circuit, which does not provide a light trans- 
mitting region, in an area of one pixel limited the aper- 
ture ratio of the liquid crystal pixel. In comparison, the 
pixel electrodes and the liquid crystal pixel driving cir- 
cuits are laminated according to the present invention, 
so that reflective pixel electrodes that occupy almost an 
entire area of one pixel can be disposed above the liquid 
crystal pixel driving circuit. Therefore, the aperture ratio 
can be dramatically improved, allowing a brighter, eas- 
ier-to-read screen to be achieved. 
[0034] The column scanning line driving circuit 113 
of Fig. 1 can be formed using a shift register circuit 
shown in Fig. 9. In Fig. 9, a column scanning line driving 
circuit control signal 121 composed of two signals, 
namely, a scanning signal 121-1 of positive logic (H- 
level is an active level) and a clock signal 121-2 is input- 
ted, the column scanning lines 1 12-m can be selected in 



sequence in synchronization with the clock signal 121-2 
by negative logic (L-level is an active level). More specif- 
ically, the clock signal 121-2. together with a signal that 
has been inverted by an inverter 113-6 formed of a 
5 CMOS transistor, is used as a control signal for the shift 
register circuit. The scanning signal 121-1 is captured 
by a clocked inverter 1 13-1 formed of a CMOS transis- 
tor in a first stage at a rise of the clock signal 121-2, 
inverted by an inverter 1 1 3-3 formed of a CMOS transis- 
10 tor, and an output is fed back by clocked inverters 1 1 3-2 
and 1 13-4 formed of two CMOS transistors at a fall of 
the clock signal 121-2 to perform an operation for hold- 
ing a scanning signal and an operation for transfening 
the scanning signal to the following stage, thereby 
15 transferring the scanning signals in sequence. A NAND 
gate circuit 1 13-5 formed of a CMOS transistor obtains 
a logical conjection of outputs of two adjoining stages, 
and outputs selection signals. The NAND gate circuit 
1 13-5 is provided so that output phases of the selection 
2Q signals 1 1 2-m and 1 1 2-m+1 do not overlap each other. 
With this arrangement, the scanning lines are selected 
one after another. 

[0035] Similarly, configuring the row scanning line 
driving circuit 1 1 1 by a shift register circuit similar to that 
25 shown in Fig. 9 makes it possible to simplify the circuit 
conf igurations and control of the two scanning line driv- 
ing circuits. 

[0036] The column scanning line driving circuit 113 
can be formed of a decoder circuit of a number of bits 
30 (AX0, /AX0. to AX7, /AX7) corresponding to a number of 
scanning lines, as shown in Fig. 10. The decoder circuit 
can be configured to receive the column scanning line 
driving circuit control signal 121 composed of an 
address signal, wherein the control signal 121 is 
35 decoded by a NAND gate circuit 113-7 formed of a 
CMOS transistor to select a corresponding column 
scanning line 1 12-m. and a selection signal can be out- 
put. This arrangement allows a selection signal to be 
output to an arbitrary scanning line according to an 
40 address signal . permitting pixels to be accessed at ran- 
dom. 

[0037] By configuring the row scanning line driving 
circuit 1 1 1 by a decoder circuit similar to that shown in 
Fig. 10, when only partial display on a screen has to be 
45 rewritten, a liquid crystal pixel driving circuit for only a 
target pixel can be controlled to rewrite a data signal. In 
the present invention, each pixel is provided with the 
memory circuit 103, and unless the switching circuit 102 
conducts by a selection signal of row and column scan- 
so ning lines, the data signal written to the memory circuit 
1 03 is retained. Hence, only the pixel to be rewritten can 
be accessed for rewriting. 

[0038] As shown in Fig. 2, in this embodiment, the 
switching control circuit 1 09 can be configured by a logic 
55 circuit of a NOR gate circuit 109-1 formed of a CMOS 
transistor and an inverter 109-2 formed of a CMOS tran- 
sistor. The NOR gate circuit 109-1 outputs an ON signal 
of the positive logic when selection signals of the nega- 
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tive logic are applied to two inputs thereof, and an ON 
signal of the negative logic is output by the inverter 109- 
2. Furthermore, the switching circuit 102 can be config- 
ured by a transmission gate 102-1 formed of a CMOS 
transistor. The transmission gate 1 02-1 is set to the con- 5 
ducting state based on the ON signal of the switching 
control circuit 109 to connect the column data line 115 
and the memory circuit 103, whereas it is set to the non- 
conducting state based on the OFF signal. The memory 
circuit 103 can be configured so that a clocked inverter 10 
103-1 formed of a CMOS transistor and an inverter 103- 
2 formed of a CMOS transistor are feedback-connected. 
The data signal is captured from the switching circuit 
102 into the memory circuit 103 in response to an ON 
signal of the switching control circuit 109 and inverted 75 
by the inverter 103-2, and an output is fed back by a 
clocked inverter 103-1 operated by the OFF signal of 
the switching control circuit 109 so as to hold the data 
signal. The liquid crystal pixel driver 104 can be config- 
ured by transmission gates 104-1 and 104-2 formed of 20 
two CMOS transistors. If the data signal held at the 
memory circuit 103 is at the H-level. then the transmis- 
sion gate 104-1, which is connected to the first voltage 
signal line 1 1 8 that causes a liquid crystal to provide the 
black display in the case of the normally white display 2 s 
mode, is set to a conducting state in the liquid crystal 
pixel driver 104, and the first voltage 1 16 is supplied to 
the pixel electrode 106, causing the liquid crystal pixel 
105 to be set to the black display mode due to a poten- 
tial difference from the reference voltage 122 supplied 30 
to the common electrode 108. Similarly, if the held data 
signal is at the L-level, then the transmission gate 104-2 
connected to the second voltage signal line 1 1 9 is set to 
the conducting state, causing the second voltage 1 1 7 to 
be supplied to the pixel electrode 106, so that the liquid 35 
crystal pixel 105 is set to the white display mode. 
[0039] The entire configuration of the liquid crystal 
device constituted as described above will now be 
explained with reference to Fig. 13 and Fig. 14. Fig. 13 
is a top plan view of a liquid crystal device substrate 10 40 
with components formed thereon, observed from a side 
of a opposite substrate 20, and Fig. 14 is a sectional 
view taken at the line H-H' of Fig. 13 that includes the 
opposite substrate 20. 

[0040] In Fig. 13, a sealing member 52 is provided 45 
on the liquid crystal device substrate 10 composed of, 
for example, a semiconductor substrate, along an edge 
thereof, and a light-shielding film (picture frame) 53 that 
surrounds a non-pixel region is provided around a pixel 
region in parallel to an inner side of the sealing constit- so 
uent 52. In a region on an outer side of the sealing con- 
stituent 52, a column scanning line driving circuit 113 
and a mounting terminal 102 are provided along one 
side of the liquid crystal device substrate 10. and the 
row scanning line driving circuits 1 1 1 are provided along 55 
two sides adjacent to the foregoing one side. If a delay 
of a row scanning signal supplied to a row scanning line 
110 does not pose a problem, then a row scanning line 



driving circuit 111 may be provided only on one side. 
The opposite substrate 20 is formed of a transparent 
substrate, such as glass, and a conducting member 106 
for providing electrical conduction between the liquid 
crystal device substrate 10 and the opposite substrate 
20 is provided in at least one place of a corner portion of 
the opposite substrate 20. The opposite substrate 20 is 
secured to the liquid crystal device substrate 10 by the 
sealing constituent 52. Furthermore, the liquid crystal 
107 is sealed in a gap formed by a pair of the substrates 
10 and 20. The liquid crystal 107 may employ a variety 
of liquid crystals, including a twisted nematic (TN) type, 
a homeotropic alignment type, a planar alignment type 
without twist, a bistable type such as a ferroelectric type, 
and a polymer dispersed type or the like. In Fig. 14, ref- 
erence numeral 106 denotes pixel electrodes arranged 
in a matrix pattern in a pixel region on the liquid crystal 
device substrate 10, reference numeral 22 denotes a 
black matrix (this may be omitted) formed on the oppo- 
site substrate 20, and reference numeral 108 denotes 
common electrodes composed of ITO formed on the 
opposite substrate 20. Alternatively, the pixel electrodes 
106 and the common electrodes 108 may be disposed 
to oppose each other on the liquid crystal device sub- 
strate 20, and a transverse electric field may be applied 
to the liquid crystal 1 07. Furthermore, the liquid crystal 
device substrate 10 may use a glass substrate rather 
than the semiconductor substrate, and the pixel driving 
circuits may be constituted using thin-fam transistors 
composed of silicon layers formed on substrates to con- 
stitute the electro-optic device in accordance with the 
present invention. 

[0041] In the following embodiments, the constitu- 
tion of the liquid crystal device will be the same as that 
shown in Fig. 13 and Fig. 14. 

[Second Embodiment] 

[0042] Fig. 3 is a block diagram showing essential 
sections of pixels and driving circuits or the like in a liq- 
uid crystal device that is an electro-optic device of a 
second embodiment in accordance with the present 
invention, and Fig. 4 is a detailed circuit diagram thereof 
[0043] As shown in Fig. 3, this embodiment is con- 
figured by adding a latch circuit 201 , which is disposed 
at a point where a column data line 115 is branched 
from an input data line 1 14, to the block diagram of Fig. 
1 shown in conjunction with the first embodiment. In this 
embodiment, configurations not explained in particular 
are identical to those of the first embodiment. 
[0044] When the latch circuit 201 captures a data 
signal from the input data line 114 into a corresponding 
column data line 115-d when a column scanning line 
1 12-m is selected, or holds the data signal of a column 
data line 115-d when the column scanning line 1 12-m is 
not selected. 

[0045] According to this configuration, a capaci- 
tance parasitic to the input data line 114 can be reduced 
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to only a capacitance of the column data line 1 15 con- 
nected to the selected latch circuit 201, permitting a 
marked reduction in power consumption to be achieved. 
[0046] As illustrated in Fig. 4, this embodiment is 
constituted by adding the latch circuit 201 to the circuit 
diagram of Fig. 2 shown in conjunction with the first 
embodiment The latch circuit 201 can be constituted by 
a logic circuit composed of clocked inverters 201-1 and 
201 -2 formed of CMOS transistors, and an inverter 201 - 
3 formed of a CMOS transistor. A selection signal of the 
column scanning line 1 12-m, together with a signal that 
has been inverted by an inverter 202 formed of a CMOS 
transistor, is used as a signal for controlling the latch cir- 
cuit 201. The data signal received from the input data 
line 114 is captured by the clocked inverter 201-1 in the 
first stage at a fall of a selection signal of the column 
scanning line 1 12-m, inverted by an inverter 201 -3, and 
an output is fed back by the clocked inverter 201-2 at a 
rise of a selection signal of the column scanning line 
1 12-m to perform an operation for holding the data sig- 
nal. 

[Third Embodiment] 



[0047] Fig. 5 is a block diagram showing essential 
sections of pixels and driving circuits thereof, or the like 
in a liquid crystal device that is an electro-optic device of 
a third embodiment in accordance with the present 
invention, and Fig. 6 is a detailed circuit diagram 
thereof. 

[0048] As shown in Fig. 5, in this embodiment, two 
bits of simultaneous input data signal are used. In this 
embodiment, configurations not explained in particular 
are identical to those of the first embodiment. 
[0049] In a pixel region, row scanning lines 110-n 
( V indicates a natural number denoting a row of a row 
scanning line) and column scanning lines 112-m ("m" 
indicates a natural number denoting a column of a col- 
umn scanning line) are arranged in a matrix pattern, 
and a driving circuit for each pixel is formed at an inter- 
section of the row and column scanning lines. Further- 
more, in the pixel region, a column data line 115-d ("d" 
indicates a natural number denoting a column of a col- 
umn data line) branched from two input data lines 114 
for the number of simultaneous input data bits is also 
disposed along the column scanning line 112-m. A row 
scanning line driving circuit 1 1 1 is disposed in a periph- 
eral region adjacent to rows in the pixel region, and a 
column scanning line driving circuit 1 13 is disposed in a 
peripheral region adjacent to columns in the pixel 
region. 

[0050] The row scanning line driving circuit 111 is 
controlled by a row scanning line driving circuit control 
signal 120. and a selection signal (scanning signal) is 
output to a selected row scanning line 1 1 0-n. Row scan- 
ning lines that have not been selected are set at a non- 
selective potential. Likewise, the column scanning line 
driving circuit 113 is controlled by a column scanning 



line driving circuit control signal 121, a selection signal 
is output to a selected column scanning line 112-m, and 
column scanning lines that have not been selected are 
set at a nonselective potential. A row scanning line and 
5 a column scanning line to be selected are decided by 
the control signals 120 and 121 . In other words, the con- 
trol signals 120 and 121 are address signals for specify- 
ing pixels to be selected. 

[0051] A switching control circuit 109 disposed in 
io the vicinity of an intersection of a selected row scanning 
line 110-n and a selected column scanning line 112-m 
outputs an ON signal upon receipt of selection signals 
of the two scanning lines, and outputs an OFF signal 
that renders at least one of the row scanning line 110-n 
15 and the column scanning line 112-m nonselective. In 
other words, the ON signal is issued only from the 
switching control circuit 109 for the pixel positioned at 
the intersection of the selected row scanning line and 
column scanning line, while the OFF signals are issued 
20 from the remaining switching control circuits. In this 
embodiment, two liquid crystal pixel driving circuits 101 
are controlled by the ON and OFF signals of the single 
switching control circuit 109. 

[0052] A configuration and operation of the liquid 
25 crystal pixel driving circuit 101 will now be described. 
[0053] A switching circuit 1 02 is set to a conducting 
state by the ON signal of the switching control circuit 
109. while it is set to a nonconducting state by the OFF 
signal. When the switching circuit 102 is set to the con- 
30 ducting state, a data signal of a column data line 1 15-d 
connected thereto is written to a memory circuit 103 via 
the switching circuit 102. On the other hand, the switch- 
ing circuit 102 is set to the nonconducting state by the 
OFF signal of the switching control circuit 109, and it 
35 holds the data signal written to the memory circuit 1 03. 
[0054] The data signal held in the memory circuit 
103 is supplied to a liquid crystal pixel driver 104 dis- 
posed for each pixel. According to a level of the supplied 
data signal, the liquid crystal pixel driver 104 supplies 
40 either a first voltage 1 1 6 applied to a first voltage signal 
line 118 or a second voltage 117 applied to a second 
voltage signal line 1 1 9 to a pixel electrode 1 06 of a liquid 
crystal pixel 105. When a liquid crystal device is in a 
normally white display mode, the first voltage 116 sets 
45 the liquid crystal pixel 1 05 to a black display mode, while 
the second voltage 117 sets the liquid crystal pixel 105 
to a white display mode. 

[0055] In the liquid crystal pixel driver 104, when a 
data signal retained at the memory circuit 103 is at an 
so H-level, a gate connected to the first voltage signal line 
118 that causes a liquid crystal to provide black display 
in the case of a normally white display mode is set to the 
conducting state, the first voltage 1 16 is supplied to the 
pixel electrode 106, and a potential difference from a 
55 reference voltage 122 supplied to a common electrode 
108 causes the liquid crystal pixel 105 to be set to the 
black display mode. Similarly, when the held data signal 
is at an L-level, in the liquid crystal pixel driver 104. a 
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gate connected to the second voltage signal line 1 19 is 
set to the conducting state, and the second voltage 1 1 7 
is supplied to the pixel electrode 106. causing the liquid 
crystal pixel 105 to be set to the white display mode. 
[0056] The configuration discussed above allows a s 
line voltage, the first and second voltage signals, and 
the reference voltage to be driven at a level of a logic 
voltage. Also, little current flows, because it is able to 
hold display state by a data hold function of a memory 
circuit, in the case that the rewriting of a screen display w 
is not necessary. In addition, writing to a pixel is control- 
led by a logic of the selection signals of the two scan- 
ning lines, namely, rows and columns, so as to enable 
control of the pixels independently of potentials of the 
data lines. This arrangement obviates the need for com- is 
plicated control in a conventional static drive liquid crys- 
tal device in which data signals of two data lines are set 
to have opposite phases (complementary data signals) 
for writing when data is written, and in which the data 
lines are set at a high impedance for holding data so as 20 
to set transistors connected to the data lines to a non- 
conducting state. Moreover, since the single switching 
control circuit 109 simultaneously controls th3 two liquid 
crystal pixel driving circuits 101, the switching control 
circuits 109 can be reduced to a half, and the circuit 25 
configurations of the column scanning line driving circuit 
1 13 can be simplified. 

[0057] Each of the liquid crystal pixels 105 is pro- 
vided with the pixel electrode 106 to which either the 
first voltage 116 or the second voltage 117 that has 30 
been selected according to a held data signal is sup- 
plied from the liquid crystal pixel driver 1 04. A liquid 
crystal layer 107 lying between the pixel electrode 106 
and the common electrode 108 is subjected to a poten- 
tial difference between the two electrodes, and the black 35 
display mode (or the ON display mode) or the white dis- 
play mode (or the OFF display mode) is set according to 
a change in alignment of liquid crystal molecules based 
on the potential difference. In a liquid crystal device, a 
liquid crystal is sealed and sandwiched between a sem- 40 
iconductor substrate and a light transmitting substrate, 
such as glass, pixel electrodes are disposed in a matrix 
pattern on the semiconductor substrate, and the liquid 
crystal pixel driving circuits, the row scanning lines, the 
column scanning lines, the data lines, the row scanning 45 
line driving circuit, the column scanning line driving cir- 
cuit, etc. mentioned above are formed under the pixel 
electrodes. Highly mobile complementary transistors 
having a MOS structure can be formed on a semicon- 
ductor substrate, and a multilayer wiring structure can so 
be easily formed. Hence, by using the transistors and 
the multilayer wiring, various circuits mentioned above 
can be configured. For each pixel, a voltage is applied 
(pixel by pixel) between the pixel electrode 106 and the 
common electrode 108 formed on an inner surface of ss 
the opposing light transmitting substrate, thereby sup- 
plying a voltage to the liquid crystal layer 107 for each 
pixel that lies therebetween so as to change the align- 



ment of liquid crystal molecules for each pixel. 
[0058] In this case, if the pixel electrode 106 of the 
liquid crystal pixel 105 is formed as a light reflecting 
electrode of a metal, a dielectric multilayer film, or the 
like, and the liquid crystal pixel driving circuit 101 is pro- 
vided on the semiconductor substrate under the liquid 
crystal pixel electrodes via an electrical insulation film, 
then an aperture ratio is markedly improved. More spe- 
cifically, in'the past, each liquid crystal pixel driving cir- 
cuit was formed using a TFT on a light tarnsimitting 
substrate, and an area occupied by the liquid crystal 
pixel driving circuit, which does not provide a light trans- 
mitting region, in an area of one pixel limited the aper- 
ture ratio of the liquid crystal pixel. In comparison, the 
pixel electrodes and the liquid crystal pixel driving cir- 
cuits are laminated according to the present invention, 
so that reflective pixel electrodes that occupy almost an 
entire area of one pixel can be disposed above the liquid 
crystal pixel driving circuit. Therefore, the aperture ratio 
can be dramatically improved, allowing a brighter, eas- 
ier-to-read screen to be achieved. 
[0059] The column scanning line driving circuit 1 13 
of Fig. 5 can be formed using a shift register circuit 
shown in Fig. 9. In Fig. 9, a column scanning line driving 
circuit control signal 121 composed of two signals, 
namely, a scanning signal 121-1 of positive logic (H- 
level is an active level) and a clock signal 121 -2 is input- 
ted, and the column scanning lines 112-m can be 
selected in sequence in synchronization with the clock 
signal 121 -2 by negative logic (L-level is an active level). 
More specif icaliy, the dock signal 121-2. together with a 
signal that has been inverted by an inverter 113-6 
formed of a CMOS transistor, is used as a control signal 
for the shift register circuit. The scanning signal 121 -1 is 
captured by a clocked inverter 113-1 formed of a CMOS 
transistor in a first stage at a rise of the clock signal 121- 
2, inverted by an inverter 113-3 formed of a CMOS tran- 
sistor, and an output is fed back by clocked inverters 
113-2 and 1 13-4 formed of two CMOS transistors at a 
fall of the clock signal 121-2 to perform an operation for 
holding a scanning signal and an operation for transfer- 
ring the scanning signal to the following stage, thereby 
transferring the scanning signals in sequence. A NAND 
gate circuit 113-5 formed of a CMOS transistor obtains 
a logical conjection of outputs of two adjoining stages, 
and outputs selection signals. The NAND gate circuit 
1 13-5 is provided so that output phases of the selection 
signals 1 12-m and 1 12-m+1 do not overlap each other. 
With this arrangement, the scanning lines are selected 
one after another. 

[0060] Similarly, configuring the row scanning line 
driving circuit 1 1 1 by a shift register circuit similar to that 
shown in Fig. 9 makes it possible to simplify the circuit 
configurations and control of the two scanning line driv- 
ing circuits. 

[0061] The column scanning line driving circuit 113 
can be formed of a decoder circuit of a number of bits 
(AX0, /AX0, to AX7, /AX7) corresponding to a number of 
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scanning lines, as shown in Fig. 10. The decoder circuit 
can be configured to receive the column scanning line 
driving circuit control signal 121 composed of an 
address signal, wherein the control signal 121 is 
decoded by a NAND gate circuit 113-7 formed of a ; 
CMOS transistor to select a corresponding column 
scanning line 1 12-m, and a selection signal can be out- 
put. This arrangement allows a selection signal to be 
output to an arbitrary scanning line according to an 
address signal, permitting pixels to be accessed at ran- 
dom. 

[0062] By configuring the row scanning line driving 
circuit 111 by a decoder circuit similar to that showin in 
Fig. 10, when only partial display on a screen has to be 
rewritten, a liquid crystal pixel driving circuit for only a 
target pixel can be controlled to rewrite a data signal. In 
the present invention, each pixel is provided with the 
memory circuit 103, and unless the switching circuit 102 
conducts by a selection signal of row and column scan- 
ning lines, the data signal written to the memory circuit 
103 is retained. Hence, only the pixel to be rewritten can 
be accessed for rewriting. 

[0063] As shown in Fig. 6, in this embodiment, the 
switching control circuit 1 09 can be configured by a logic 
circuit of a NOR gate circuit 109-1 formed of a CMOS 
transistor and an inverter 109-2 formed of a CMOS tran- 
sistor. The NOR gate circuit 109-1 .outputs an ON signal 
of the positive logic when selection signals of the nega- 
tive logic are applied to two inputs thereof, and an ON 
signal of the negative logic is output by the inverter 109- 
2. Furthermore, the switching circuit 102 can be config- 
ured by a transmission gate 102-1 formed of a CMOS 
transistor. The transmission gate 1 02-1 is set to the con- 
ducting state based on the ON signal of the switching 
control circuit 109 to connect the column data line 115 
and the memory circuit 103, whereas it is set to the non- 
conducting state based on the OFF signal. The memory 
circuit 103 can be configured so that a clocked inverter 
103-1 formed of a CMOS transistor and an inverter 103- 
2 formed of a CMOS transistor are feedback-connected. 
The data signal is captured from the switching circuit 
102 into the memory circuit 103 in response to an ON 
signal of the switching control circuit 109 and inverted 
by the inverter 103-2, and an output is fed back by a 
clocked inverter 103-1 operated by the OFF signal of 
the switching control circuit 109 so as to hold the data 
signal. The liquid crystal pixel driver 104 can be config- 
ured by transmission gates 104-1 and 104-2 formed of 
two CMOS transistors. If the data signal held at the 
memory circuit 103 is at the H-level, then the transmis- 
sion gate 104-1 , which is connected to the first voltage 
signal line 118 that causes a liquid crystal to provide the 
black display in the case of the normally white display 
mode, is set to a conducting state in the liquid crystal 
pixel driver 104. and the first voltage 1 16 is supplied to 
the pixel electrode 106. causing the liquid crystal pixel 
105 to be set to the black display mode due to a poten- 
tial difference from the reference voltage 122 supplied 



to the common electrode 108. Similarly, if the held data 
signal is at the L-level, then the transmission gate 104-2 
connected to the second voltage signal line 1 1 9 is set to 
the conducting state, causing the second voltage 1 1 7 to 
5 be supplied to the pixel electrode 106, so that the liquid 
crystal pixel 105 set to in the white display mode. 
[0064] In this embodiment, the two bits of simulta- 
neous input data signals are used, however, the number 
of bits is not limited thereto. For example, three bits of 
10 the simultaneous input data signal may be used in order 
to simultaneously input data signals for three colors, 
RGB, for performing color display. 

[Fourth Embodiment] 

15 

[0065] Fig. 7 is a block diagram showing essential 
sections of pixels and driving circuits or the like in a liq- 
uid crystal device that is an electro-optic device of a 
fourth embodiment in accordance with the present 
20 invention, and Fig. 8 is a detailed circuit diagram 
thereof. 

[0066] As shown in Fig. 7, this embodiment is con- 
figured by adding a latch circuit 201, which is disposed 
at a point where a column data line 115 is branched 
25 from an input data line 1 1 4, to the block diagram of Fig. 
5 shown in conjunction with the third embodiment. In 
this embodiment, configurations not explained in partic- 
ular are identical to those of the third embodiment 
[0067] When the latch circuit 201 captures a data 
30 signal from the input data line 1 14 into a corresponding 
column data line 115-d when a column scanning line 
112-m is selected, or holds the data signal of the col- 
umn data line 115<J when the column scanning line 
112-m is not selected. 
35 [0068] According to this configuration, a capaci- 
tance parasitic to the input data line 1 1 4 can be reduced 
to only a capacitance of the column data line 115 con- 
nected to the selected latch circuit 201, permitting a 
marked reduction in power consumption to be achieved. 
40 [0069] As illustrated in Fig. 8. this embodiment is 
constituted by adding the latch circuit 201 to the circuit 
diagram of Fig. 6 shown in conjunction with the third 
embodiment. The latch circuit 201 can be constituted by 
a logic circuit composed of clocked inverters 201-1 and 
45 201 -2 formed of CMOS transistors, and an inverter 201 - 
3 formed of a CMOS transistor. A selection signal of the 
column scanning line 1 12-m, together with a signal that 
has been inverted by an inverter 202 formed of a CMOS 
transistor, is used as a signal for controlling the latch cir- 
so cuit 201. The data signal received from the input data 
line 1 14 is captured by the clocked inverter 201 -1 in the 
first stage at a fall of a selection signal of the column 
scanning line 112-m . inverted by an inverter 201-3. and 
an output is fed back by the clocked inverter 201 -2 at a 
55 rise of a selection signal of the column scanning line 
1 12-m to perform an operation for holding the data sig- 
nal. 

[0070] In this embodiment, the two bits of simulta- 
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neous input data signals are used, however, the number 
of bits is not limited thereto. For example, three bits of 
the simultaneous input data signal may be used in order 
to simultaneously input data signals for three colors, 
RGB, for performing color display. 

[Fifth Embodiment] 

[0071 ] Fig. 1 1 shows an example wherein the elec- 
tro-optic device of the present invention according to the 
first to fourth embodiments described above has been 
applied to a portable telephone. The liquid crystal 
device in accordance with the present invention is used 
as a display unit 301 of a portable telephone 302. 
[0072] With the foregoing arrangement, a consider- 
ably prolonged service life can be achieved, as com- 
pared with electronic equipment using a conventional 
passive matrix liquid crystal device in a battery-driven 
mode. In addition, a simpler control method and a sim- 
pler control circuit configuration can be accomplished, 
as compared with a conventional static drive liquid crys- 
tal device. 

[0073] In this embodiment, the portable telephone 
has been taken as an example, however, the application 
is not limited thereto. For instance, the electro-optic 
device in accordance with the present invention can be 
also applied to various types of electronic equipment, 
such as timepieces, pagers, and projectors. In the case 
of a projector, the electro-optic device in accordance 
with the present invention will be used as an optical 
modulator. 

[0074] The electro-optic device in accordance with 
the present invention is not limited to the above embod- 
iments, and various changes and modifications can be 
made within the gist or spirit that can be understood by 
reading the entire description of the invention. Electro- 
optic devices with such modifications are intended to be 
embraced in the technological scope of the present 
invention. 

[0075] For example, in the embodiments, the 
descriptions have been given using liquid crystal 
devices as the electro-optic devices. However, the 
present invention can be also applied to electro-optic 
devices in which liquid crystal pixels have been 
replaced by other electro-optic members. Electro-optic 
devices other than liquid crystal devices include a digital 
micro-mirror device (DMD) in which a mirror is disposed 
for each pixel and an angle of the mirror is changed 
according to an image signal, and self-emissive display 
devices provided with a luminescent element for each 
pixel, such as a plasma display panel (PDP), a field 
emission display (FED), and electroluminescence (EL). 
These electro-optic devices may be of a type con- 
structed only by a single substrate on which a pixel cir- 
cuit has been formed or a type that uses a glass 
substrate rather than a semiconductor substrate, how- 
ever, the present invention can be also applied to such 
structures. 



Claims 

1. An electro-optic device comprising, on a substrate 
thereof, a plurality of row scanning lines and a plu- 

s rality of column scanning lines that intersect with 

each other, a plurality of data lines provided along 
said column scanning lines, voltage signal lines that 
supplies voltage signals, and a plurality of pixel 
drive circuits disposed corresponding to intersec- 

10 tions of said row scanning lines and said column 
scanning lines, wherein each of said pixel drive cir- 
cuits comprises: 

a switching circuit that is set to a conducting 
is mode when said row scanning line and said 

column scanning line are selected, while it is 
set to a nonconducting mode when at least 
either said row scanning line or said column 
scanning line are not selected; 
20 a memory circuit that captures data signals of 

said data lines when said switching circuit is in 
the conducting mode, while it holds data sig- 
nals when said switching circuit is in the non- 
conducting mode; and 
25 a pixel driver that outputs a first voltage signal 

to a pixel from the voltage signal line when a 
data signal held in said memory circuit is at a 
first level, while it outputs a second voltage sig- 
nal to the pixel from said voltage signal line 
30 when the data signal is at a second level. 

2. The electro-optic device according to claim 1, fur- 
ther comprising a tatch circuit that captures, for 
each of said data line, data signals into associated 

35 data lines when said column scanning lines are 
selected, while it holds the data signals of said data 
lines when said column scanning lines are not 
selected. 

40 3. An etectro-optic device according to claim 1 or 2, 
wherein a pixel electrode disposed at said pixel is a 
light reflective type electrode, and said pixel driving 
circuit is provided under said pixel electrode via an 
electrical insulation film. 

45 

4. The electro-optic device according to any of claims 
1 to 3, further comprising a plurality of switching 
control circuits that output a conduction control sig- 
nal to said switching circuit when said row scanning 

so line and said column scanning lines are selected, 
and output a nonconduction control signal to said 
switching circuit when at least either said row scan- 
ning line or said column scanning line are in a non- 
conducting mode, wherein said switching control 
55 circuits control said switching circuits in said plural 
pixel driving circuits. 

5. The electro-optic device according to any of claims 
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1 to 4, further comprising a row scanning line driv- 
ing circuit for supplying row scanning signals to said 
row scanning lines and a column scanning line driv- 
ing circuit for supplying column scanning signals to 
said column scanning lines, wherein at least either 5 
said row scanning line driving circuit or said column 
scanning line driving circuit is constituted by a shift 
register circuit. 

6. The electro-optic device according to any of claims 10 
1 to 4, further comprising a row scanning line driv- 
ing circuit for supplying row scanning signals to said 
row scanning lines and a column scanning line driv- 
ing circuit for supplying column scanning signals to 
said column scanning lines, wherein at least either is 
the row scanning line driving circuit or the column 
scanning line driving circuit is constitued by a 
decoder circuit that selects a pertinent scanning 
line according to an address signal of a number of 
bits corresponding to a number of scanning lines. so 

7. The electro-optic device according to any of claims 
1 to 6, wherein a circuit device structure in the elec- 
tro-optic device is a CMOS structure- 
's 

8. An electronic equipment comprising the electro- 
optic device described in any of claims 1 to 7. 
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Fig. 3 
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Fig. 5 
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